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Investigations of the thermostability of the virus of” ljmphecytic
chorioiieningitis.,

by ¥. Lehminn-Grube.

archiv I, d. Gesumte Virusforséhnng, 9: 56-63 (195'9).»;

Introduction.

-

attepts to establish titers und titer progressions of nentra}.id.ng" i
antibodies in nhuman sera after infection with the virus of e
choriomeningzitis (LCK) in tests with mice led to initial contradictery
results, necessitating an improverent of this method. within the frames
work ol these endeavors, the stability of virus suspensions had to be
tested uncer all concitions of subsequently planned experiments. -

Method.

.epeated attempts to induce a cytopathogenic effect in tissue
culture with Ll virus nave failed also in the laboratory of the Cologne
University Rerve Clinic, e were forced to resort to the mouse as a .
sysbtem of evaluating our tests.

Virus: e utilized strain W3 which had been sent to us in 1952 by = '}
ur. K.F. ideyer, San Francisco, Calif. The virus has since undergone 50 - -
guinea pig pussages by subcutansous inoculation and was:adapted to the B
xouse prior to the commencement of testing by intracerebral trunsmission.

We used the materiul of the 8th to the lith mouse-to-mouse passage. ~€F'"L o

The strain suspensions were prepared as follows: 3040 mice receiwxi
0.04 md (later 0.03 ml) of a 103 mouse brain suspension intracorebrally i--=- o
(1.c.). The brains of animals dying on the 6th day were stored at «70° C, . |
All remiining mice were sicrificed by bleeding on the 7th duy == if they i
hid not succumbed sooner -, tha brains were extracted asepticully and ;
also stored at =70° C. The materiul usually was treated on the same diy, "
at times a few auys later, . R 1

Upon addition of 100 units of penicillin and 20 §* streptomycin per
ml of nropared susscrnsion, the organ material was reducedin size to a
10 or 206 suspension with phys..oloa.cal saline or with inactivated
rabbiv serum in the homogeniger (Fa. Zuenler)(abouc 5 min.). after
centrifiution == first 10 :in. at 2,500 P, later twice 10 min. at
5,000 .iFx in a customary laboratory centrifuge -- the supornatant was
placed in ampullae in quantities of 1-2 ml and stored at =70°C. All
steps followed euch otuer in rapid succession. Gl.ss équipment and
solutions were pre-cooled, ,

Sera: Control sera came {rom heulthy inuividuals whose anamneses
presented no suspicion of a previously overcome LCK infection. A large
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anéunt of bluod tuken from the arm vein was exposed to room temperature

-for about 2 nours and then centrifuged. Subsequently the serum was
‘“placed in ampullae in lots of 1,0 ml without further treatment and stored
- ®6.«20°C, The required amount was defrosted gust prior to use and,
unless otherwise indicated, insctivated at 56°C for 30 minutes.

: ~3 obtained the mice from & major breeder in Hamburg whose animals

- had pruved reliable for almost 10 vears, There were never any indications
- of 1Cs, such as experiencea by E. Traub (1939). However, an increase in
:nof-gpecifio deaths agong the sontzols was noted in the courde of the
investigation, .ltheugh sionificunt dimensions were not reached = in a

o major test in which 180 control mice were inoculsted intracerebrally
oTo=53th nofiwsti mouse orain suspeusion, only 8 died between the 6th and 25th

duy ===, we investigated the cause, which ws first sought in bacterial
‘infections. In this connection we isolated ectromelia virus, Later it

. became impossible to establish the time at which the mouss colony had been
infected. 4 repetition of the entire previcusly conducted work did not
seen-justified. However, all tests re uiring a greater precision were
repeated with unobjectionable animals ?*) The titers were in some cases
more easily reproduced, a$ a comparison of Table 1 and Table 2 will show.
Otherwise the results were principally unchanged.

The weights of the mice within the individual shipments were highly
uniform. Thus, an average weight of 11.9 8 with a standard deviation of
only 1.2 g was found among 100 mice received on 27 Feb. 56. The average

- welghts revealed only smdll fluctuations from one shipment to the other.
They lay between 1X% and 1, g.” As a rule, the animals were utilized a few
days after their arrival.

Measurement of effectiveness (activity): Ue rting from 10% brain
suspensions, series with the factor 10 (= 1 logyn) were prepared with
different dilution agents, Initially we used 4 or 6 mice per dilution.
Later 6 or more animils were inoculated. We dispenséd 0.04 ml intra=-
cerebrally according to E. Traub's method, It was discovered, however,
that the mice tolerute 0.03 ml more easily, causing us to use the smaller
dose exclusively in later runs. LDso was computed by the method of
B. Bshrens (1929) and L.J. deed and H. Muench (1938). In accordance with
the literature and our own exneriences, we included in our computations
all animals that had died between the 6th and the 25th day.

o In order to reduce the method's error, we endeavored to bracket
LD5p symaetrically from both siaes (i. Pissl - 1950).

Penicillin (100 unif.s/l ml )and st.rep'aoxhwcin (zo'r/l ml) were added
to all diluting agents. _

Roa;ltn.
Ev«g extended storage of the ﬁms oﬁipo‘niion at =70°C does not
influence the titer noticeably, as shown by Tables 1 ari 2. & systematic
. drop in LbDsp undoubtod;y.dooo not exist. Table 3 reveals tae loss of

a‘
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- are similar when tre ailuted series instead of the concentrated msmelr

- vas very lov even after 6 hours in the presence of an inactivated msontrol .

activit of a mouse cruin susoension prepared with physiolozical aalim
any exposed 0 [reeser temperaturee. 4 distinct drop is noted only after
more tuan 20 hours. Table 4 contains parallel analyses of un identicil:

suspension (colamns 4 and 5) in comparison to a suspsnsion produced with
pure, iractivated ruboit serum in place of physioldgical alim. i
accordunice with a :sethod to be described later, titration was ACOEMD
with rijsiological saiine # 104 inactivated rabbit serum. No-drop i
activit, is indiciteu im either case even after 50 hours. The condd

was subjeetea to tne sume treatment prior to inoculation. Repeated ei=
perinments testzd tne elfect of freezer terperatures on a brain tumm
diluted with pnysiol. saline. Table 5 shows that the loss in activity .
was small, .lthougn an imnortant inactivagion during preparations &
leadin: to inoculition with physiol. saline was nol indicated after these
tests, we nevertheless cecided not to wori with physiol. saline in the
future, but to use a liquid which promised sufficiently stabilizing
pmpertxcs.

Table 6 contains the results of a test series which established the
effuct of different ¢iluting fluids on virus activity at a temperature
of # 29C, partly in nar:.llel tests (cf. the dates). It is noticeable that
saline £ 10» rabbit serum, phosphate buffer and phosphate buffer # 103
rabbit serun are equally stabilizing., Physiological saline alone causes
a uistinect decrease in virus activity after 50 hours. Lioreover, the
initial titers were lower; an observation that was made repeatedly in the -
coursec of the investigation.

rinally, tests were made to determine whether the starting suspension
orepared with pure, inactivated rabbit serum would show deviations after
dilution with 10% rabbit serum. A glance at Table 7 reveals that here
again thers was no uniform attemuation after 50 hours.

Tre effect of the incubation temperature of 37°C seemed to be
significant particularly for the choice of incubation time. Hariier
tests with the method described above had indicated that the drop in titer

serum. The results of the following test (see Table 8) confimm thess
ovscrvations. The starting suspansion consisted of a mouse brain suspension
povauced with pure, inactivated rabbit serum. Dilution was accomplished
with 10 mbbit serum and -~ for comparison -- with pure physiol. ‘unm.
Tho ultinute concentration was obtained by the addition of 1. human

control serum, 2. 104 rabuit sérum and 3. physiol. saline in equal plm.
It is clear thut in the presence of serum the temperaturs of 37°C does not
cause an appreciible titer drop even after 6 hours. The fact that the

matter is different in the case of saline is not sarorising. It is note-

worthy, however, tiat here agiin the initial value of the non-serous
mixture is rel.tively low without the influence of teupsruture.

" Discussion.

In oruer to mprove the analytical mathods for nout.mlid.ng serum
mt.i.bodios againat tho virus ot lyuphowtic cborlouningiuo, it umd

3
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- indicated tc test the stability of the virus extensively under aifferent
reunstancess It may be ¢.n:1:ded from the test résults disclosed here

at the LM virus is considerably more labile than, for instance, the
pollo types {J.5. Younger, 1957) or the KGO viruses (F. Leh:zunn-Grube,
-3958). Our practical investigations reveal, however, that temperatures
-uhavoidably induceu in the course of preliminary steps leiding to inocula-
Hon are not impdriant. Gur observations therefore do not agree with
" Yhose ol other authors wio renorted considerable titer losses under

identical conudtions, as, for instance, J.T. lleyl and others (1948).

- Wney noted a conaid:ruble loss of activity” after 60 :inutds in the ice
"o water bath., === anobther question seeks 0 eatablish whether thae use of

o unbuffered suline mi:ht mol exert a disturting influence == perhaps by
. ‘shifts In pi{ —— directly and indepemciently of time. .lepeatedly reported
s observations made in parallel tests to the effect thnat virus suspensions
? & Yontaining serum yield considerably higher titers than those without

: serum (see Tnbles 7 and 8), speak for a nrejudicial influence.of une
wufferea saline.

-3
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] B . e wore forced thereby to work with a more stable system. Dased on
3 the frequently used stand2id method of the U.S. imy, described by
J.3. Simmons and C.J. uentzkow (1944), we chose for our additional tests
. & dilution fluid composed of physiological saline f 107 rabbit serum in-
activated for 30 minutes at 60°C. The same reasons prompted us to adopt
- & method described there for the preparation of virus suspensions in pure
O; 2 inactivated rabbit serum. This measure also improved the effect of
' eentrifugation. The sediment was ‘0lidly packed and thé supernatant could
X '~ be withdrawn easily, an action that was possible only with losses in the
3 N - case of physiol. suline. . large number of sera was uscd in the course
v , of further tests for ths production of brain suspensions and dilution
geries., There were never any indications of virucidal properties of in-
activated rubbit sera. . )

Summary .
: 3 The stahllity of LUK virus was tested under conditions thut seemed
siinifleant for the future development of a msthod of neutralization. ,
ieither 105 mouse bruin suspsnsions nor dilution series made with various
liquids showed & potewortsyy titer loss after 2, hours at freeser tempera~
tures. () @™ . » this interval mline was distinctly inferior to
other dilui. .~ . ~- addition of 105 rubdit serum, phosphate tuffer
with or witioul wi.d«ature of serum., Moreover, the titers were usually
lower, when dilutions were made with saline, at 37°C a titer drop ws
{ L evident already after a few hours, it this dilution agent was used.
: ~ _ Here, %00, the stability was considerably improved by adaixture of serum,

“ (%) Footnote en p. 2: iis are indebted to Prof. Traud (Tuctingm) for
4 ulce fres of ectromelia. s AT ,
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Table 1. Influence of stor.re at =70°C on a brain suspension prepared
with physiolosical saliuc. average log Ldsgs =5.4k.

i wrm b

with 10» ribbit serun.

s
vate of storuge Number of animals log Jeviation from
inoculation at =70° per dilution LDsq the average
18 ipr 56 29 days 4 -5.5 #0.06

3 Nay 56 L, days 6 =5.24 -0.20
16 Jul 56 115 days 6 -5.53 #0.09
5 Sep 56 169 dass é -6.37 #0.93
5 Sep 56 169 davs N -6.03 £0.59
21 Dec 56 276 days L ~4.53 =0.51
15 Jan 57 301 dars 4 «4,.96 048
19 Feb 57 326 days 6 =5.31 ~0.13

Table 2. Influence of storage at -70°C on a brain suspension prepared
werage log LDgg: =6.28.

11 Feb 58 0 days ) -6.40 £0.12
i 9 .pr 58 57 days 6 -6.40 #0.12
. — 22 Apr 53 70 days 7 -6.19 -0.09
. 12 Yay 58 90 days 6 -6.39 £0.11

!

g Table 3. Influence of a temp. of #2°C on an undiluted mouse brain

o susocnsion exulsified with physiologicsl NaCl. Titrated with ssline.

: 6 mice per dilution. 0.04 ml i.c.

1 Time in hours log I.D5°

g 0 "5012

! ’ "5012

1 20 -1&.72

! 7 3.0

; 72 -3.C

i 96 "‘2021‘

: 120 -1.04

; 158 £ -1.0

; 192 ¢ =1.0

§ Paile 4. Influence of froezer tex nenamrea on 2 difforent mouse brsin
: susoonsions. Two analyses. Titratea with physiol. saline { 105 Rabbit
‘ seruzn. 4 animals per dilution. C.C4 ml i.e.

X Tiza in hours Susperaion with rabBit serum Susn. dth physiol. NaCl
? 29 fug 56 13 Feb 57 29 wug 50 13 Feb 57
¢ —~ 0 10=5+ho 1057 10~9+37 10~k+93

W/ 6 10-6.03 ‘10-5 LS 10™5.96 10707
24 1075+2 10752 10-6-47 10752
50 107593 10752
§ 5
l -




Table 5. Influznce of a ten;pérature of ;12°C or the dilution series of
& virug-iouse ovridn suspernsion prepared with ohysiological saline.
- & ldentlcal tosts. 4 animals per dilution. 0.04 ml i.c.

,& 2 Date Time in hours

0 8 24 50
22 .ug 56 ' 107495 10-5.2 - 10~k4+95
5 Sep 56 1076.03 10~5+34
2l vec 56 104-33 10447 10~3+7
i5 Jun 57 10-4+96 207454 10-3-87

Table 6. Influence of the refrigerator temperature (about #2°C) on the
diiution series of a mouse bruin suspension emulsified with physiological
siline in the nreseace of aiiferent diluting agents. Two analyses. ’
4 animals per uilution. 0.04 ml i.c.

" Time in Physiol iaCl 3aClf10/rab.serum Phosphate buf.Ph.buffl0srab.ser. ‘
hours 29 Aug 56 11 Jan 57 29iug56 13Feb57 20Sep56 26Sep56 20Sep56 26Sep56 :
0 10=4. 10=ke2 10-5+87 10~4+93 1072+2 10-5+54 10-5+7 107593
6 1079:2 107437 1078.7 10~5.92 10-5.34 19=5.2 10~2-87 30-2.37
2!, 10~5.08 10'4-03 w‘6-2 10-9:03 10~5.4 lo-h.86 10-6.107 10-6.09
) 50 10~2.7 1 Q—S 48 10~k 45 10-5.13

-

Table 7. Suspension prepared with rabuit serum in a dilution series
(physiol. saline £ 105 rabbit serum) at refrigerator temperature. wo
analyses. 4 animils per dilution. 0.04 ml i.c.

ime in hours Physiol. NaCl and 103 rabbit serum
i P lug 56 11 Jan 57
"5-‘08 5026
2 ?6-5.83 igzs,s'(
24 10‘5 093 10'5 . 95
50 10~4.7

i ' Table 8. iouse Lrain suspension prepased with rebbit serum in dilution
‘series in the presence of different diluting agents, exposed to 37°C.
é cico per dilution. 0.03 ml) i.c. ~ '

e “viluted w/phys. Diluted w/phys. Ldluted w/ physiol.
in hours  NuClflO0Zrab.serum  NuCiflOs rub. serum. HaCl witnout rab. ser.
. Control serum - No control serum

" s 06 ) "';0;0 .66? ""'55
| 0 r RN Wiie o 10-3.76
b 4 10"5-15 , 10'5006 (5.667) 10-3:33
!. 5 10-5.12 107042 , 10.3'12
! o .




